-

//( 6 LA Q

N64;27397

tode . / 7
Cat,
Q,R’SQDB/;?) c <

. - oy
.
. H 4

Retdeers ST C/

OTS PRICE

XEROX
MICROFILM

$




A FEASIBILITY STUDY OF A RADIATICN ANALYZER FOR THE ZODIACAL LIGHT

By

Auguste L. Rouy
and

Lawrence H. Aller

NASA Project NsG-550

March 1, 1964




T s b o

PREFACE

Although the zodiacal light has bteen known for millenia, accurate photo-
metric measurements of it have been attempted only recently. Because of
difficulties with scattered light, airglcow, and atmospheric extinction,
ground based studies of surface brighiness and polarizaticn show enormous
discérdances. It would appear that measurements suitable Jor even the most
rudimentary theoretical analysis would have to be made above the earth's
atmosphere and in this report we have examined thp feasibilit,r of such studies.
We require determinations of the surface brightﬁess, B, and of the plane
polarized and elliptically polarized components of the scattered radiation as
a function of elongation €, from the sun ard celestial latitude 5 and of the
wavelength of the radiation.

Since the surface brightness of the zodiacal light varies from 10‘9, that
of the sun in the outer corona to 10’13, that of the sun at large elecngation,
accurate photcmetry and polarimetry impose some exacting conditicns. 4 detailed
assessment of the problems involved show that with available optical materials,
detectors and electronic devices it is possible to measure with satisfactory
precision and at several wavelengths the intensity, the percentage polarization,:
the Qrientation of the plane of polarization and the amount of circularly
polarized and unpolarized light. If one wishes, the data can be given in terms
of Stokes parameters although we have not done so.

From such data, obtained at several wavelengths with a band pass of about
100 ‘A% it should be possible to determine the spacial distribution of the
particles (from measurements made over a long range in elongation) and something
about the size distribution from the distribution of brightness near the sun,
from the color and from the polarization. From measurements of B, ani both

plgne and elliptical components of polarization it should be possible to infer




whether the particles are dielectric or metallic and to estimate the relative
properties of each and of free electrons.

In this study of the feasibility of the experiment, the main problems of:
scanning procedures, light energy levels, star crossing noise, light transducer
requirements, method of measurement of degree of polarization and ellipticity
factors, related instrumentaion and fail-safe actuation have been considered.
The feasibility has been establishzd for the spectral range of }3500 to A 6000
within which a large signal to noise ratio of some 50/1 or more is available
leading to classical elecironics treatmente. |

The study is presented in the ten following chapters dealing uwith the
different aspects of the problem. It has been deemed necessary to incorporate
in this work the reviewing of some well known fundamentals to avoid, later on,
possible misinterpretation of astrophysical data at the designing and pre-
liminery experimental stages. In some instances alternative solutiocns to
problems have been suggested. It is hoped that specific knowledge of the
limitations imposed by the 0.8.0. vehicle will be forithcoming so as to bring
the design of the proposed instrumert! to the engineering siagee.

Ve are indebted to the authors of owr main sovrces of reference. These

have been:

Weinberg, I. L. - Photoelectric Polarimetry of the Zodiacal Light
at A5300 (Haleakala) - Ph.D. thesis, 1963

Blackwell, D. E. and Inghem, M. F. - Cbservations of the Zodiacal
Light From a Very High Altitude Station - The Average Zodiacal
light - Mon. Not. Roy. Astron. Soc. V 122, p 113, 1961

‘Allen, C. W. - Astrophysical Quantities - London, Athlone Press,
p 116, 1955

Johnson,

F. S. - The Solar Constant - J. Meteor. 11, L3, 195h




Because some of the technical problems in this work are common to those
encountercd previously in this leboratory we have included in the present
report a copy of the recent publication, "Hezsurement oI Cptical Activity:
New Approaches". Science 1hi2, 200-208 (1963).

The report is in the nature of an uncorrected page-rroof. There are the
usuzl errors caused by the typist; alas not many typists are toc knowing of
astrophysics and algebraic notation. Suggestions and criticism concern

substance of this progress report will te eprreclated.

A. L. R0uy
Lo Ho f&lle'[‘
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THE SCANNING OF THE 7ZODIACAL LIGET

FROM AN 0.5.0. VEHICLE

An 0.5.0. vehicle circling around the earth, above its
atmosphere offers the opportunity to measure the relative
brightness of the zodiacal light, its degree ¢f polarization and
similarly its ellipticity factor. Since its orbiting distance to
the surface of the earth exceeds some 150 kms, the vchicle will be
always higher than £he "emitting layer" at an aﬂtitude, fromr ground,
of some 100 kms and a fortiori above the ozone layer and the
scattering atmosphere, These experimental conditions should
eliminate or at least minimize to negligible quantities the aberring
terms which limit the precision of the ground observations. The
irradicnt energy of the zodiacal light will be higher and its degree
of polsrigation as well as its ellipticiiy factor made more accessible
without or with very little correction,

Naturally, the spinning of the vehicle about a preferred axis
Introduces experimental condition: completely different from the
ones encountered at ground stations,

At first, it seems that such vehicle might not be suitable to
canduet an orderly scamning of the zodiacal light. It may preclude,
in part or in totality, the obsiervation during a certain part of its
circling cycle, mainly for that psrt of its trajectory behind the

earth whichirespect to the position of the sun,
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But, as e counterpart of ti: restiriction inherent to its nature,
the 0.8.0. vehicle mey give acces: %o direct observation of these very
sane factors found integrated in Lh2 measurement of the brightness of
the zodiacal light. Those factors vertaining tco the emitting layer,
the ozoae layer and the scattering atmosphere represent a rather
important percentage of correction in the evaluation of the relative
brightness of the zodiacal lighi ac obtained from g ground station.
The magnitude of the energies involvazd would be certainly accessible
to an instrumentation capable of recording a relative brightness B/ﬁg
of the order of 10'13. Yet the conditions of measurement would be
quite different since they would srcceed slong directions of observa-
tions iaugential or mearly tangeasial to their spherical distribution.
The relstive inportance of such wssible measurements is not the
object of this study. Yet it seciss logical to mention this aspect
which in all eventualidy will apreay os o zignal pulse of short
duration in the cylic scanning of he zodiacal light,

The mechanism and procedure of the ccarping imposed by the
nature of the 0.8.0,vehicle can be outlined and discussed readily.

For this purpose one can elect & set of thiree axes of coordinates in
which the axis 0Z, orthogonal h.o two respectively orthogonal axés OX

and OY within the plane of the eclintic, is orthozonal to the same

plane of the eeliptic., The three zxes pass through the sun as origin
and the exis CX may be selected to coi:clde with the apsides line for
further relerence with celestial cocordinzihes, On account of the relative

distances and dimensions involved, the position >f the 0.S.0., vehicls

can be considered as being delfined by the positicn of the eartia on ics

™
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oritit in the plane of the ecliptlc containing the OY and 0X axes. The
ase of the plane of the ecliptic as plene oi reference appears
permissible for the general discussion. Indeed, the observations made
by Blackwell [195C] and then by weinberg (1962) indicate that the
observable plane of symmetry of the zodiacal light is inclined by some
loét with respect to the plane or ihe ecliptic,

For the purpose of general discussion it is considered that the line
of sight can be represented, at zny Instaat, by a vector VI intersecting
the axis of spin VS and making with it the angle q’ . Being in fixed
relaticonship with respect to each other, The two intersecting
directions VI and VS5 define a plane which rotates in space around axis
of spin and at the angular velocity?;s oi' tke ro:.ation of the vehicle.

The possibilities of the soanniog and its modalitics can be defined
readily oy means of a space tric:gulation as shown, Indeed, definite
angular relationships, desceribir: "illy the scanning in a general form,
can be established immedistely. For~ thal purpose it suffices to consider
the plane ATT, orthogonal to th: ais of spin VS whith also contains
the center O of the sun, It 1s cafined by its trace 6T1T2, in the plane
of the ecliptic, normal to the nrojection VH of the axis of spin onto

t. Tts uniqueness leads to the relationships:

VH = c;\—/—% T-)

/77,=177§=\/F/G,..,;a I-2
HT = A7 e wf, I-3
/6/7; = i?ﬂZ' Ce? ‘“’Z:L | T - o

3



TRIANGULATION OF THE SCANNTNG OF THE ZCDIACAL LIGHT

The three orthogonal wectors ox, oy, oz define the system of axes of

reference whose crigin coincides with the sun; the axes ox and oy being

in the plane of the ecliptic,

ay

Ao
74

In this system of coordinates:

represents the radius issued frcm the sun 0 and passing through the
pciition of the vehicle V in the plarze of the ecliptiec.

the angular distance of ov from the axis ox,

whe axis of spin of the vehicle

phe angular elevation of vs with respect to the ecliptic.

the projection of the axis of spin vs into the plene xoy

the elongation of the projection vh with respect to the direction vo
YTy, VI» lines of sight within the plere of the ecliptic and meking the
angle ‘P with the axis of spin vs

elongation of the lines of sight VI; and VTs reckoned from the
projection vh

elorgation of the lines of sight VI, reckoned from the direction vo
OT'y HI» trace, in the plane xoy, of the plane normal in A to the axis
of spin vs aand containing the sun 6.

angular velccity of spin of the venicle,
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Triengulation of the scanning of the Zodiacal Light
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Form this relationship, one obtains the elongations E, and €> of the
directions of sight VI; and VI'p, in the plane of the ecliptic, in

terms of the elongation Bo of the projection of the axis of spin VS

at the elevation ;z° and of the angular distance ’f of the revolving

line »f sight from the said axis of spin VS3 as per

gz = Eo -AE -6
£=¢& +a¢ -7
Also it is seen that the angular position of the revolving

plane containing the directions of <lgh VT, and Vo is given by:

Cn«ot--[/ Z -8

when the lines of sight are cont ained within the plane of the ecliptic.

Those particular points define the conditigns under which the line
of sight becomes contained within the plane of the =cliptic, Those
conditions must be satisfied at every cycle to acceed to the peak of
the brightness of the zodiacal light. But for a general !discussion,
angular points are not sufficient and the geometry of the trace of the
scan must also be considered., For this purpose it is more sultable to
express the ) position of the line of sight in space in terms of its
instantaneous elevation Z and of the angular distance ’Diof its projection
onto the plane of the ecliptic with respect to the projection of the axis
of spin located at the elongation £o from the sun. Since the angular
distances A and (f, are also functions of the angular rotation wlof the
plane containing the line of sight, the trace of the scanning becomes

defined in term of the time,
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In order to avold @mrassi- o 1 Jhincd sguare rodts enter, the

instantaneouns elevation /1 1o aw per cad Lo

M,?.—.a—a;ﬂu;/hnw;ﬂmﬂew wl T-9

while the elonga.cion?ﬂ reckoned ‘rom the eloangation B4 of the

’
projection of the axis of spin, is egiven by:
/ o0 P wl
Tlaro }0 = ’ﬁ T-70

Cos (_o')/l ~ Aaow ‘;‘9,‘4&4@ Z dasw v t
The iastantaneous elongation of the projection onto the ecliptic

of the line of sight, wi uh respect Lo the sun, becomes
E + ¢ I-uxu
o
Hivh those expressions one 2u1 discuss all the possible modes of
scanning and pariicalarly the thres wmain cases,

FIRST CASH

Ietts consider, at fivst, lLhe cuse where the axis of spin is seb
vertical to the plane of the =aiizic. toat is (he cise whe e A = 77/2, .
p
Then the values of A, and ('0 ars siven at any instant by:
L A = g T-12
/. o S——— -
line (/5% 70 T T e & r-i13
E o0 at the constant elevetion:

v - ¢ I-#

from the =2cliostic and at constani angnlar velocity w),

Hepre tne

The elongation of the projection »f the line of sight takes all angular

velues from O to 3600. Therafor : the scaming of the zodiacal light
becomes parlormed along cirecles warallel to 1ts plane of synm':etry. When
the trace of the scanning is saelected o coincide with the peak of bright-
néss of the zodiacal light, that s’lor ‘70— "/2. then the line of sight
passes cyelically thrcugh or near tvhe sun with a range of variation of

L A=13
irradiant energy extending from 1 down to L0 .,

B e Lt T
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Three principal ca

(I f

es, definesd by ithe zosition of the axis of spin

of the vehicle, bound the scanning of the zodiacel light

Case I - Axis of spin normel to the eclipticielevation s h = 90°

3
=
]

scanning foliows parallels Lo the ecliiptic al the angular velocity @ of

0y

%

The cbstruction by the eerta linits the scanning to an angul
o0 .
range of 180, centered onto the angular distance of the vehiecle with

the spin.

respect to the radius ov issued froz the sun C and vassing through the earth.

L
P

Case If - Axis of spin V3 direciel

1y S
CLICOUEL T

(]

o
sun O: elongstion £=0 ,
Q
efevation A= O

tal

Circular vraces of scan, ceatered onto the sun O, intersccting the plane

of the ecliptic at right angles and described at the angular velocity w

Eiongetions, in the plane of the eclipiic, egual tc + or - the anzle 5,0 of

the line of sight with reswvect tc the spin axis vs. TT-ZC,O , arcual
lengzth of the trajectory of the vehicle sin which two sightings occur, in

the plane cf the ecliptiec, per revolution.

.

Case TIT - Axis of spin ¥5 within the plane of the ecliptic and normal

o

ct

to the radius ov issued frou the sun O and pu

P

ssing through the earth:

(u

elongation £ = S0° , elevation }\O: o°
The circular traces of scan intersect orthogonally the plane of the
ecliptic at the «loagations é;+50 and E,-¢ . (r/) measures the
angular distance of the linme of sigil with respect to the spin axis VS,
w-2 ﬁD deiines the angular distance, along the trajectory of the vehicle,

for the occurance of two sightings within the ecliptic.

>
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300 &
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Case 1T
& =00 A= oo

Scanning of tre “odiscal Light
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The instrument would have to operate under angular programming

}~!

wish reference to the sun in order to linit the scanning during each
revolution to knowm asgular incrementsAwt' at programned elongations wt.
At each revoiution, in the vicinity of the sun, the fail safe circu’ txry
would have to turn off the light transducer., Also for agbout nalf of

Tam TS K e - Y .
he line of sight will ino

| =

During that part of the orbit of the vehicle arcund the earth
vhere located between the sun and the earth, the scavaing will encompass
s o o{og"u s O s

elongations of +#90 fvo-3J0 for a total angular scan of 1807 approximatively
centered onto the sun, On the other hand, when the vehicle is located

-~ . 1 v, b > Y 2 O
behind the earth, thea the elongations of scan are centered at 1380

with excursions of 900 on each side, For a short part of the orbit of
the vehicle the scamming will encompass a range of elongations varying
- 2anC t
from O to 1307,

This type of scanning is feasidle though it entails great emphasis

-

on the fail safe circuit as well as on a rather rigid progrimming,
The data as obtained will have to be processed to obtain the brightness
of the zodiacal light in terms of angular distances from its plane of
symmetry at given elongatidns,

In opposition to the first case, let's now consider the case where

the axis of spin of the vehicle is contained within the planfof the

ecliptic A:O while its elongation maintained at €o=0.

M‘/\\“‘M}@th Tr-s5

o el b P = G P s wb I -s6
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The traces of the scanning become circles centered about the sun,
since the axis of spin of the vehicle passss through‘it. Those
circular scans intersect the plane of the ecliptic, thus the plane of
symaetry of the zodiacal light, at right angles. For each revolution,

the elongations in the plane of the ecliptic are given by:
- @

and are symmetrical with respect to the sun,

Two consecutive peaks occur at equel interval of timg. Being
symaetrically located with respect to the sun, those peaks can be
compared for their magnitudes. The fail safe circuit will have to act
only on accidental setting.

The scan for elongations varying from few degrees to 130 degrees
will have to be obtained during two different portions of the orbit of
the vehicle, From O to 90O elongations, the instrumentation must
operate when the vehicle is located between the sun and the earth: the
angle q) being set at values varying frem O to 90O from the axis of
spin., On the contrary, for elongations varying from 90 to 180 degrees
the instrumentation must operate when the vehicle passes behind the
earth. In that case, the angle q> is set at angular distances varying
from 90 to 180° with respect to the axis of spin. This mode of scanning
appears rather simple and leads to simple data acguisition and presentat-
ion,

However, one must note that during passage behind the sun, it
will be impossible to reference the brigntness of the zodiacal light
against the sun for half the period of the orbit of the vehicle. A low

drift reference circuit will have to be provided.

R St U
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seond one by the elongasion o= Tr/Z«

spin still maintininod wt she elevation A, =0,

The instantuaneous elevation of the line of sight is given again by:

also its instantaneous relabtive o5y
I4
oo @ = Tons com ol

But the line of sight becois 2ontulned within the plane of

I-s7
T-/8

. a cirele cantered onto the axis of

apd therefore the plane of symmetry

of the zodilacal light abt right sagles,

bness; at elongations £ and €5

respectively, occur at exactly hull the puriod of revolution of the vehicle,
Trhey will defer in inteasify on account of the difference in the values

of €, and €. However they will be obscrvable one after the other dur-

i

nz a single revolubion of the vehigle within the orbital angle of:

Aq 2% 7-2 p
centered onto the spin directicu.

r-/9

For the other part of the ~rbit o the vehicle either one of the

elongations £; or B will be acc

vible depending whether the vehicle iz

batwean the sun and the eartn oy behlwl the earth,

Also no sighting will be aviileble within that portion of the orbin

corresponding to

Ag 2 -(TT'~Z70) 'r-zo
‘ {2



centered onto the spin axes.

| For all eventﬁality one can conclude that the scanning of the
zodiacal light from an orbiting spinning vehicle is feasible.
From the three main cases as discussed the second one, corresponding
to the axXis of spin passing through the sun, secms the simplest to
carry out. The third case requires the referencing against two
differsnt energy levels corresponding to €, and €. The first case
is possible but imposes serious restrictions on the programming and

the data must be processed for the exact determination of the peaks.,
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VALUES FOR BEIGHILESS AND POLARIZATION
OF THZ LODIACAL LIGHET

The brightness of the zodi..cal light, its distridbution irn terms
of the elongation from the sun and degree of poearization hiwve been
reported by several investigators. The data obtained by Blackwell
[€hacaltdxya 1953] and lately by Weinberg [Haleakala 1962) are
considered as main references,

Using different methods, photographic plates rfor Blackwell's
experiment and direct photoelectric photometric weasurements in
Weinberg's survey the reported data agree fairly vell in spief of the
féct that the band passes were dilferent. Rlackwell used a Gzégé
filver of some 100 millimicrons bend pass while Weinberpg elected an
equivalent 70 A° band pass interference filter whose peak has been
judiciously selected for X =53004°,

The. brightness reported by Blackwell [1955], Blackwell smd Inghen
[1961] andrﬁéidheég [Haleakala 1942) are irdicated in terms of the
elongations €  in the added greph., The brightness B are referred
against the brightness ﬁg of the integrated solar disk.

Consec&tively to the examination of the distribution of the
values of the relative brightness as reported, it became evident that,
for elongations & ranging from 2° to 1000, the relative brightﬁes%
{B/ﬁ@] coﬁld‘be teﬁtatively represented by a stiaight line as showa in
the graph, From this graph we have derrived a close fitting expression
satisfactory for general discussion.

Brightness v,s. elongation follow closely the relationship

%[B/Ea)s g3 2275 éoq‘.g" 71

{4
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Blaciwell [19551, =€8200fA°, trenn €215 /5 &= /5°

e B - N e Foy ol o L o
Blackwell and Inghan [1951al, from &= 20 /o &= 70
(=]
[+] 9
,fron £=30° /6 &= 100
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Brightness of tr: zolinca® light Vs elongation

B/Bg

/

log ( B/ ) = 9.28 — 2,275 log €°
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wirleh could e wsed in a2 method oF oo ilodd:
Vzlve:s for the brightness ol Lus zodiace
/B/j@ = /0_~ at some ],4° elongaiien down
arcand l“ﬂ)o elongation, A four ordoer of mognitude in range.
Though the reported values [»r the vrightnesses are in close

agreement one notes a difference
corresponding <o the maximam of G

Blackwell and Inghem [1961
119631

Weilnberg

As basis

carth's abmosphere por walb arso
wave length one can refer to Jon sont
ITrradiance, iere are finds tho

A A°
Sooo0
5300
Ss500

Gooo

/98

et

Those =nergies can he comn
area, per minute as reported
/ & . . N
cal/em”™ minute, thea revised by

actually accepted as 1,94 cal/c+~

since they have been obtained by

those data are.

.

Sun F
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the values the elongations
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mimabe, Those values are of importanc -
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PARTICULAR CASE FOR DATA ANALYSIS

From ‘t:he acquired data, relative o the brightness of the zodiacal
light, it could be inferred that the i:listribution of the brillience
follows a.ppfo‘ximatively a Gaussian dis.ribution centered about its main
p]_é,ne. The symmebry of the zodiacal light about the invariable plane

s besn noted Tor many years. Indead, iszovhates have bzen published
by several observers - particularly Roach ond his associates, and
Diveri and Aszad but none of these cbsiurvers have ‘ndicated that the
brightness distribution perpehdicular to the ecliptic plane can be
represented reasonably well by a Gauss i : ddistribution. A Caussian
dzstrlba'cion aspect would lead to an approach for sydftematical
processing and analysis- of data which, trough a priori redondant,
would permit the lowering of the background nolse level.

For 2 given circle of scan ceantered about the sun or for a
’cracé of "écaszl 'orthogona.l 40 the main plane of distribution of the
brllllance the brightness could be cxpressed by

K Ze
=3B, - B, | -1

where
peak brightness of the zodiacal light

il

2o
B

average brightness cof the background
at a given elongation & from the sun,
Paking the first derivative of the e.qua'.::imi -1 yields:
B'==-B K@ e © z-2
an expression in which the averaz: brigatness of the background disappcar:z,
The value of the rate of vari.tion 3BY exhibits two peaks, equal in

abgoluue value but opposit in sign, locatzd at equal distance from the

pee'.k of brightness as per: 7 } :
‘ ~ + ‘/——" -3
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FIGURE ITI-1

APPARENT GAUSSTANW DISTRIBUTICON OF THE ZODIACAL LIGHT

Kw*

z Fo W= unibof 20°

K Brightness from Welnberg - Haleakala, 4/5 May 1962-
= 5300 A° 5:50" |
— Gaussien Distribution of the Zodiacal Irzic brightness wversus @
--= B first derivative of B v.5.

2

—~ea—a 32 second derivative of B v,s., W

20
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I»paerent Gaussian Distribution
l ~f the Zodiacal Light

B e" kv~

k = 1.182
w = in uwnit of Z0°

+2 w

Triggiring dis?;nces
wlo= - (l/?k}L'f

W" - t (3/:}{)1//:}
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B8 =+ 5 -4
o m = g,ov/;K e

-5

v

B, = zE ,08582;/—

B also passes through zerc whon the measured brightness Ep reachsas
the nmaximm, Hence one dispose. 2f threo triggering signals te accept
and store data for further evali ticn, Hewever the s gnael in B*m may e
rgther broad leading to a relatl- . vwacertainty in the d‘ ermination of

the location of the sampling.

However taking the second covivanive oi the brightaess yields

the expression:

” » _Ko*
B =5 x 2K (2k0-1) € -6

. R + SLA
whicti becoues zero for the value W=~ Vzik
"This second derivative passaes 1

shyeush two syrmetrical maxims at

distarces w=% + /2 . Being btroad oo

2K & tiigeering signal connot be
derived but a release level can b o.ohicsd,
The third derivation of th: ueixwhasss fuactio

3 Ko7 e"mz -7
» */3-2Kke* w -
B” =B 4K !

!
be

O
& )
L;
[¢]
&

e

zero for the values of @ -

Lo =

o
A
==V

-2 oo
Hance the zero of the third derivative occuriiyg at the distances

_4_'"/2._3‘.2 can command sampling and logging of the funchbion B which has,

NN
N
N—
™
=
N0l
n,
RS
4
&
N
|
»
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To racipulate, the Tollowing crrmiinse ocnn be obtained in funebion

0f the distance @ °

& o B -+ B/& J‘?

-
AJ:-"'\/{’,ZZ B e “+Bs ZL-10

-3 Y/
“’”“t&z& BZ,G z""B’b -z

Therefors 1t is possible to rroceass vhe :Colloxvring data,
2(3,¢8) - 2(8,6%3) = 25, (1-¢
-3 /
28,48 -2(5e +3,) =2B.(i-e7) A0
3
Z[Be+ B,) -2(8,8%B,) = sz/e_e/ Zz -1+

0 achisve a reduction in the nois:e,

Y/
ik -1z

The proper logistic of the conruiavion ac outlined should be

1

studied in rore details and in wogerds with the elactronics compatinvilit: .

vasian distribution for che

W2
o

\1so the degree of compatibility ot ur

c20dily available from the actuil

s
¢l

brightness of the zodiacal light o
data, If the agrecment was founs v 1id -~ itain the degres of incertitads
o the exverimental data one shuula 2upaes on enhancement of the overell
acuracy while obtaining a rethe - siucle walvbicsl presentation for

Drther study of the causes and oevonaism: involvad,

This possibility arises frc: tiw exaninstion of the Weinberg's

scan recording for total brightn :s along an almucantar taken at the

I'L'.
[®]

zenith distence z=8C° [Haleafkal & - Vay 4/5 - 1922 for A =53C0
From this recording we have ifouad the Tollowing ;aussian parameters:
K= 1.1z
W% wunif of arzy of’/.scan efaaf 5 20°
B =z 29 a/zf[/&arj wnils, mmraxioem a/zz/JfZZc/e
%
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The gavssian distribuvion has cera

PR

o

its first and record derivatives 77 and w
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ATPESNUATION OF o e
CROSS T

An attepuation of the aquiva
radiant onsrgy due to a star croscing ihe

reoed into the eircuitry,

N

Vith the presence of a field diapzx

vignetism, marginal aberrations, seconlas:

telescope collecting the radiated eneriy,
produce o sguare wave pulse.
ncre or less rounded. The pulse rice is
constant., In any event, the equivalent &

star cannnt =xceed one Tourth of the Ilnce

a diametral crossing of the field of wvia.

This maximum time constant [;é Teeoue

both angular veloeity or frequency ¥

iield of view

In the present case where th: “rogue

one Obtains
L, 5 141,
This time constant can be rosu
10 “the maxiwm rate of rise deduciy. o

distrivution of the zodiacal light ~long

principal axis. From the Weinvery's dats

possible to assign a rate of rise o

(LB ) = 2k«
Z 25

N e

In fuct, the

T s FH &

11y comnared against that

from the inpub of
field of view must be incorpo-

1 and in the absence of

7 reflections, etc. in the,

the crogsing of a star would
square wave pulse appears as

Limited and admits a Tinite time

ime constani 1:4 for a crossing

swntbal time corresponding Lo
readlly defined in terms of
;7 the spin of the vehiele and
-1

!
ey 7Y s imposed at

U mz'fk!ecan 4 V-2
ascociated

vhe equivalent gaussian

a2 direction normal to its

Taileakala 1962 - it is

~4-
eio/zo



e o B i bk SREUIWEE R S S -
o cd . Nt 20
for a unit of angnlar distance w@= degrees and a constant

V [} 3 h) 3 el
K= 1,172, Thus the time constant to be assigned to the scan of

the zodiacal light appears to be of the order of
i
[ Lol oot > . by
g = ‘ot milliseconds

for an dnnglar velocity of spin fiven 2t 1/2 eyele per second.

The ratio of the two time «oistante

44/[;:!:5 o.cigs U

sugzgasts that the angular field -1 view be maintained as small as
compatible for the necessary signal to noise ratio, Also in view of
the approximate difference of twe orders of magnitude, it is appropriates=
to incorporate a feed back in the =zmpliflier to attenuate signals having
time constants smaller than 1,41 » J/ milliseconds.

The amplifier should be desisncd as a low pass band system
rejecting those fraquencies abcve /1,01 x U . A refined circuitry
could be added to the Ffeed Dacl b iapoce a decrease of the signal outnutb
by an amount proportioned to the aplitud: of the pu'se.

Yowever the application ol tiis method inbroduces a shift and

d reduclion._ofthe ampliliide of fe -peak, 7Hase o501 andy
¥ snplitude deviabion become paranehers of the s;:!tem end can be calibrated.

Those perameters will have to be analyzed and determined exactly with

raspact to the final accuracy.
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ANGULAR PRECISION v.s. AWGLD OF FIZID CF VIEW

To track exactly the distribution of the zodicacal light brightness

and the position of its peak, the angular field >F view I/ of the

instrument should be made as small as possible. Yet, this condition
cannot be achieved since there Is a minimwm requirement of radiated

energy o secure proper veriormeace of the light transducer. Opening

-~

the angular field of view, to collect more energy, ccanot be achieved
without loosing some definitlon ‘n the energy distrit tion and inmposing
a more or less severe truncafure of the consour around the peak.

On the contrary, the necessity to reduce the relstive percentage

of the light energy Ifrom a star crossing the field presents an argument

- =~

in favor of a large field of view.

- >

A decision for the value of the field of view of the instrument

cannot be taken at first glance, At least some preliminary analysis of

-

its effects should be done.

“

-

If one considers the noted apparent gaussian distribution of the

brightness of the zodiacal light terntatively expressed by

- K oF |
35%_: 25;0 = _Zﬁ.j

wherein K.= /8

&, Z unit of 20 degrees
it is possible to evaluate the attainable uncertain‘cyv in angular position
versus the resolving power of the instrumentation :nd this under ideal

conditioens.
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Tor the salke of claxity, tie

squivalent to some 20 degrees, rust be convertad into conventicnal

4

unit of angular distances, @ dxgraes, by changing the constant X,

¢

one obteins the new constant X  as per
IS : ~ e ~A=3
K= {1,10] [20] =2.95 x 10 7-z

since Ky Thas been evaluated at Kg = 1.10
Through differentiation of ¥1] one obtains the relative

wincertainty

This uncertainty cf23 carinot be smeller than the relative
resclving power of the instrument which, for the case of an analog
systen, reaches a limit of A;” =G, 001

Herce the uncertainty in angular position:

Sew .—.-../zkcu)-JfB V-4

Trhis expression indicates readily that around tle peuk, thai is when w
tencs twoard zers, the angular definition decreases very readily. Tor
instance, taking a value & =1° <the uncertainty in A:v takes the

value + 1

oy = * 0.001[2,2.75,‘ /0'3)' = X 0.1] degree
as the limit

On the other hend, for an instrumental precision of 0,01l or 1%,
the angular position of the peak becomes determined within a limit of

c)ﬂw\ =+ 1.7 O’egrea

ol
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This relatively low resoluticn in argular position had to be
expected arcund the plateau o the peak as it is dnherent in this typs
of distribution.

However, notving that the maximim tangent for the gaussian
distribution occurs at -1

o' =2 (2Kk)
suggests that the location of the peak be Imdlemented ty the data

aveilable at this value,

At that point the limit of QL”LLZT uncertainty becores
IR £3 0=+ 003 dege
So'| = 2 (2K) "TfB-f /304x 10 =20, erzee
yvielding, for an instrumental precision of 17, an angular definition
of some + C.15 degre
These fundarental aspecbs ghould be zonsideresd specifically in
the study and design of the electronics associabed with data acquisition
end processing., Tadeed there is g very favorable asrgument for process

sampling at the angular distaznce

~12
£ @kﬂ since for that position the

seccnd derivetive passes through zero and therefore can trigger with

precision the sampling abl that pcsition.

Those ideal conditions cannot
of view S

for adequate signal strength while

be achieved since the angular field

mist be assigned z value compatiblexwith the requirement

decreasing the relative amplitude of

the pulse cezused by a crossing star.

An analysis 1is necessary to evaluste the blunting of the peak of

brightness of the zodiacal light znd the loss of precision in angular

positioning consecutive to a given

angulaxr field of view,
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FIGURE V-1
. COLLECTED ENERG’ AS A FUNCTION CF THE

AWGULAR FIELD OF VIEW U AND OF THE ANGULAR
DISTANCE OF THE ZODIACAL LIGHT

}

0X,0Y orthogonal axes of coordinates centered onto the axis of the field of
view U defined by the circular operture of the field diaphragm of.z
diameter 2 W, = /i)
EZ exis of mwaximum brightness of the zodiacal light
W, distance of the axis .Boz of nmaximm brightness from the axis of
reference ox
Y distance, from the axis of refersnce ox, of the zone of brightness B at

the distence W from the peak 301

dy in the distance y

o the angle made by the radius Oa= W and the axis ox.
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Collected energy as a function of the angular field of wiew U
and of the angular distance of the peak of the zodiacal lignht
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For this purpose one can make use of the apparent gemssien distribution

of the zcdiacal light which, around the peak, can be expressed by the

equivalent series 2
- for ., (K -5
— Praued - (u - ——._./.. caw. band
B-B_ e B, |1 L

Near the peak one can neglect the terms of higher order than the
second. This assumption is permissable when the angle of field of view
U remains limited to a few degrees.
Considering the practical case for which the field oi view being
limited by & circular field disphragm one can express the elcuentary
flux of energy d4E corresponding to an inTinitesimal increm m:t of
arez of the field as per:
OE=B.2xd ¥-¢
The brightness B of the zodiacal light can be defined in terms
of the brightness Bpz of the peak and of its distance W from the

elementary surface aree aalﬁblg £ transformation of coordinates

yieldss B
w.—_—y—&)o —Y"7
henge
z - K(g-a5)" V-8
B2 [1-#y- ]
and

IE ééf;z:zzh,zf} -k?gy-éélj7Cx:f§} V-9

Expressing the coordinates x and y in terms of the angular

field of view I/ limited by the diaphragn,

that is: _-_5/,0‘:0:)0( | V-0
f/_—.-ééaa’fza Y-

leads to the final value of the incremental energy

] 2 L
oé“;’zgo/i-k/zé/mq/-@)f]g cos o x b Tz
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An integration within the limit -1/, tO-f79£ gives the total flux of

energy pessing through the field diaphraga:
\ +7h \
2 - -
fgé 12 ﬁ— A//_Z{/AMD( -a)o}i]ca:sz'o{x o/ v-/3
o 2
"7

Performing the in’cegfation(. ore obtains:
2 [ , z
£z B (T4))(1. ka) - KL [ Y14
%o (2 )1 ) %
for the expression of the total flux passing through the field diaphragnm.

It is seen that the asccepted energy is made of two quantities: one

variable and the other constant. The quantity
2 -
£ =B /7/'[/)/1_/(&),‘/ V-/5
&, 2o 4 {

is truly representative of the brightuness B existing at the distance
&, from the location of the pesk and proportional to the square of
the angle of field of view,

The ccnstant quantity, independent of the distence &J, of peek,

appears to be also proportional to the solid angle of the instrumental

magaclude, |
acceptance and has the relative imesmabmde
AL ,, KU” o
=% Kw? Y-16

(-]
The evaluation of the relative loss for the reak intensity, occuring
for &J =0 | resulting from an angular field of view of 4 degrees
leads to;

-3
LE| _ _20510 =- 0295
/f;. 0— ?x - 7 /
4

and down to
/_45-/ - = 0. 166 o/a /Hyr =3 O’gae/s
[w, 3°
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The relative deviation imposed by the value of the Tield of view

equals the limit of resolving power, 0,001 for janalcg instrument, at .
U =233

On the other hand the angular relative sensitivity is again given

by
§FZ 2K 8w,

-

and appears as unaffected by the megnitude of field of view.
Therefore it can be stated that the value of the field of view does
not distort the distribution of the brightness it introduces solely a

of fhe peak magnilude, 7ie petcenfoge off
small¥reduction can be treated as a parameter of over all transmission

through the optics.

Yet due considerstion must be given tc the Jact that the absolute
variation 4F ,» for a given change ﬂé), being proportionel to the
solid angle of view, one can by increasing /' minimize readily the
relative influence of the equivalent noise imput of the transducer,

From this development one arrives at the conclusion that the
practical angle of field of view will be mostly limited by the

ctaracteristics of the optics and possible angular acceptance.
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An imporiant objective of th: present investigation is the measurc-

ment of the surface brightness of the zediscal light in absolute C.G.S.

units, mcre nrecisclj its specific intensity In terms of ergs. e 2 sec
steradien ( JA Ve do this b ecparing the Thwr om the sun at the

earthydistance with the epnergy recsived in an accepiance cone AW tfrom

a point ( 8,(5) in the zodiacal light. The flux from each cm2 of

the solar surface is glven by 6w

Tr’EsO;Zn/ J(0.6).86n8 cos 8 € V-1
O=0
How ] / 0, 9) s the specific intensity of the radiated eneryy at
the surface of the sun, depends om ths angle ¢ end the vavelength A .

The limb darkening law, for monochrozztic radiation, can often be

expressed as a function c¢f the form:
Z
I;\(O,Q) = ,q) + B/\ eos8@ + Coon 9 ﬂ'—z

while for total radiaztion we have g formula of tae form:

_Z,—[QL@;—’: & + b ecos & | V-~

wit a1 o4 and LaA06

The flux, E, at the earth distence is given by
' p3

J
:i
o)
a2
\5\'
e
{
N

where
Ro = redivs of The sun
1, = distance of the carth from the sun
Ir iy} e is the solid anrtlie Tilled by the sun as seen Irom
' the earth, and sz is % e solid angle measured in the zodiacal

light, then the quentities we compere observaticons 3lly are ﬁoﬂ 10}

and B /f' /3 )A&) . Then we may devermine the ratioz
2t/ z
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B, /éj/g,/’/]é;a -5

and thus express Zg 45/3) on an gbsolute scale, or in terms of scme

Z¢
other unit such as number of tenth magnitude stars per square degree.

The parameters for the observation of the brightness of the
zodizacal light having been defined specifically, it appears appropriate
to réview the fundamentals entering into designing, testing and control
of the instrumentation.

In this étudy; one is constantly faced with the obligation of
con%erting brightness into avallable energy per unit ares at given
distance fiom‘the source and also to evaluste th. degree of reliebility
of recorded data, Cross errors couid be easily introduced in the
determination of both optical and electrical parameters of the
instrumentation. Moveover the behavior of the instrument should be
evaluated in terms of spectral distribution of tihe light energy instead
of one or several discrete band passes to cgtablish té range of
arplication.

As g conseguence, it has been deein:d necessary to review the
fundamentals relating the emission of iight energy, brightness of the
source and flux of energy per unit of time impinging onto the unit
area of a distant collecting surface.

The Lewbert's law states that the energy B, emitted per unit area
of the surface of a perfect diffusor, :iong a direction making an anglé

& with the normal to the surface, is equal to the product of the

intensity of emission By in the direction of the normal by the cosine

of the angle ¢ . Thus the relationship:

B =B, conX -6
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FIGURE VI-1

<3}

ENERGY RADIATED BY THE SUN OTO A UNIT SURFAC
AT THE DISTAECE O THE BARTH
O center of the sun - S, unit area at the distaace L of the earth

frcm the sun and normal to the direction 03, - dU solid angle under which
‘the area S; 1is seen from a point ]? of the sun surface - & the angle made
by the direction FE& with respact to the axis of refereace 05, - Ry the
radius of the sun - < the angle made by the radius OZF with the axis
05; - 0/0( the angular increment subtanding the arcual increment /F° ’_ o2
the incremental spherical area corresponding to the increment o of

the angle <X .
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from wanich ore obteins the analyticel :upression for the emitted energy
wlihin an increment of solid angle of the form 27 s ‘C(G( :
oF = B, z2u.si1d cosd X Z-7
The integration within the limits © /5 77/2 defines the td al

emitted energy S as:

The tobal energy B emitted per unit area of a perfect diffusor is
equal to 1 radiens tines the intensity Bo of the exmission of

Qe

energy elong the direction normal tc the surfagce, Conversely the
brightness Bo of the emitting surfazce is defined as equal to the total
emitted energy E divided by Jrradians, or the flux of energy emitted

per steradian,

From these fundamentals, one con ralsbe the

ﬂ

snergy impinging upon
2 surfece to the distance and brigainess of the scurce.

In particular 3.t is possible 0 estgblish dmredistely an analytical
relationshio to deternine the amount of erergy radiated by the sun and
impinging woeon the unit area at the v...once of the earth,

For this purvose, one can writc oo dincrement energy oE
corresponding to an incremental ralliing surface of

G =B ers (X +u)x i{ » -;i:ﬁ'i?;v\a?zq/ o/o( Z* 9

7. o . o . s
vhere Z2nRana a’a{ defines an incrc..cau of the emissive spherical surface

of the sun which is centered upon the exis pé,ssing through the center
cf the sun and the remotely locatel - .U area Si.

The solid angle under which the irradigted surface S; is seen
from the elementary emissive surface is measured by:

Y = S 710

pr
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The density of emission or brighiuness ab the angular distance ol+ 4L
of the collecting surface S; from the normal to the elementsry emissive

surface of the sun has the valus

B = Bocos X + ) T -
. For computation, the following trigoncmetric relationships
(e [ R 2 Rlors )
Y P pt —
Cas,ar_t_‘f_/j_z_/.caz_O(] N/
2 U = _?’.-/44}2 o( N/

exist.
Therefore, the increment of energy aé.r falling oato the surface S;

becomes -2

Z -2 My
0/5:277-552—%/]%;;7/}- Ei?@+z’?;,1}mq% .....
---x//-/—?/%&za’cmq/-zfﬂ.%’m%‘}z%]xQ/q/ 7-r

Noting that the radius % of the sun and the distance £ of

the earth to the sun have the respective values
/0
/PG _—ﬁ:_ 6.95 x/0  em.

/3
L 22148l =1.493x10 crm
the ration R/L stands et
z
R, X 1/2.49 00
wnile its square amounts to
4
(R/e)* 2 1/4.62 < 10
One can develop in series the expression for the increment of
) order
flux Q/E and neglect the terms of order higher than the second asi<r,

This operation yields the expression:
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® 2-’2/7'3 //Z}/] 2RJi3)]snel cosey ‘/x}z%(_

/,L,r?z .3 = 2 - -
-"" ﬂ 373 | & Cos £ 2 // =z /Cas“a’/.wzq'..; -

R + é—@/j /b’i mq/ /Q/ —_
Ve /-/z/ 4‘/26( -—-- & _‘{7——/5

Upon integration over the limits O y7: i’/z , one obtains the

expression:

2 -2
2 2 o2
EFxnBE [1.22)/1, B (7-E27) ... 7 -17
ZZ [3— z}l- PN
for the enerzy E, radiated by the sun, impinging upon a unit area of
z ae 2 " L .
7 e at the distance of the earth from the sun.
Tan  wrd mww e
Ali VAW WU
the approximate expression:

FxwB, ("L)” 7 - /8

as valid.,

Hence the brightness Bg of the s.n suriac

()
}_’

is unequivocally
related to the radiant energy E received per unit surface, per second,

at the distance of the earth by

@ - 4
77/?4; )Z Sl x 4.62x /0

The designing parameters for the insvrument are eatirely accessible
frowm consideration of the temperature of the source and reported cata can

be evaluated
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The values of ths brighitness of the zcediacal 13

T 1 . 4o~ &) “ 3. T e} s P o~y
Blackwell - Chacaltaya 1958 and lately by I. L. Weirberg - Haleakala 163 are
in close agreement. The agreement preveils in soite of the fact that the

equivalent band pass of the filters uscd are in a 10/1 ratio or theresboub.
For the purpose of evaluating the recuired characteristics of the light
transducer and to debermire its workingz conditions one can consider a straight
line log-log functicn between brig ticss and elongation & from tre sune Thails
is a rather convenlent aspect since it permits to adjusti the sensitivity of
the transducer; on a lonz time constanh, and/or the amplification gain in
term of the log of the elongation.

-9

The range of brightness extends from 2@/53 = 1. /0 for an elongsticn

...SO doun to 1 x 107 -13 at an elonzation of sone 160° approximatively.

Hence 2 1 x iOb/* ratio of brightness is to be considared as the ultimate

goal., TFor elongations varying from 10° to 18CC ths rarge of brightness falls

already to a 103/1 ratioc or thereabout.

J

At large elongations, the extrenely low level of radiant energy per e
impinging uron the light transducer iwtoses rather severe resirictions as to
the equivelenw rediant energy for the ncise inpub cf the transducer. The
ecuivalent noise input beccmes the vredominant factor in the selection of the

light transducer in order to avoid ccnsiderable difficuities in the electronic

circuitry. 4 minimem of L/1 ratic between signal 'nd noise lerels should be

4 predliminary survey of the available high cuantum efficiency light

-
(D

transducers indicaties that the VENETIAN BLILD type photomulitipliers ar
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.08
Cathode
Radiant
Sensitivity
Amp/W .06
.04
.02
0

_ Floure WI-1 _

Spectral

Hesponss - Typilcal

4000

Vayel

5050 6320

eapta - fngstrons. A°

Typical Spectral Respense Cheroctericgtics
of the E.M.R. Photomultiprlier Type 5414 - 01 - 14
Venetien Blind Type -

14 Dynodes
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characterized by a very low equivalent roilse input and low dark current.
Close tc 2 orders of mzgnitude lower levels are noted.

Among others, the E.M.R. - Type SL1A-0L-1L seems particularly well sulted
for this pregram. The main characteristics for a fypicel tube are guite

impressive.

a) Photocathode characteristics

Quantum efficiency (@, at L300 A° 15%

Cathode luminous sensitivity (S.) 65 A/Im
Cathode peak radiant sensitivity (o:k) 055 /v
Cathode radiant sensitivity at 5500 A° .033 A/

b) Multiplier FPhototube charactierisiics

Voltage required for current esmplificaiion (G )
G 10° 10° 107 108

1 4 1600 2100 2720 3450 volts

Dark current (é) at 20°C at current amplificaticn G
G 10° 108 107 108

{,  22x 10710 2.0 % 107 2.0x 1070 2.3 x 1077

- Equivalent anode dark current input at 20°C at current
amplification of 10°
Radiant at 1500 4% (&) 3.7 x 107 4y

. C s : N3 gkt 5 On
- Equivelent noise input at current amplification of 10% at 207C

Radiant at L4500 A% (£,) Lo6 x 16™E
¢) Environmental
Shock 100 g, 11 multisecond duration
Vibrebion 30 g, 20 to 3000 cps
Temperature -55 o 75°C
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From those typical deta which can be improved through selecticn of the
tube it is possible to establish the tentative performances cof the system
under practical condition,

The normal performances have been plotted for ease of evaluation in terms
of impinging energy and current amplificaticn. Under a cathode curren
amplification of 106, achieved for an anode voltage cf scme 2100 volts, the
equivalent noise current reaches a valve of

| &y = 2,53 x 10~ amper
while the dark currert at the anode represents some
é; = 2 x 10-7 amper

On the graph, anode currents are plotted in function of the ampiification

of the tube and for different levels of impinging radiant energies.

It must be pointed out that the anode current characteristics, nearly
straight lines v.s. the amplification, are given for radiant erergies expressad
in ergs per second falling onto the cathode. Those encrgies are compared
against the radiant energy of the sun falling onto a urnit surface of one sguesre
centimeter, outside the earth atmosphere, per angstrom and per seconde

The reference line, dash and dot, for the anode current passing at 71,1
amper for G = 106 and corresponding to an incident radiant energy of 200 ergs
per second has been traced in due reference to the energy of some 195-198 ergs
per cmz, per second and per angstrom as reported by Jonnson 1955 for the solar
flux outside the earth atmosphere in the wave length range of 5300 ¢ 5L0O
angstrons.,

.Therefore, for a practical passing band of 100 A®, defining an energy cf
some 2 X 1oh ergs per second, one obtains an equivalent anode current
ampers at § = 106. The double dash line passing through the point A, 110 amps

-q='106, forms the base line for the designe.
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THE DIFFERENCE TO THE SURL RATIOC

and THE MEASUREMSNT OF THE DEGREE OF PCLARIZATICN

The determination of the degree of polarization of the zodiacal light
requires that the fraction of the light energy which is plane polarirzed De
extracted from the total energy. Different procedures can be devisede 1In all
cases, the determination of the fraction represented by the polarized energy,
imposes the measurement of the energy passing thrcugh an analyzer in function
of known angular positicns of its axis of oolarization. A4t least two
observations, at two known angular cositicns, are required.

The necessary conditions for observation arnd the degree of accuracy which
can be secured can be analyzed readily.

Let's consider an axis c¢f reference OX from which all angular positions
are measured. Then, the direction of the amplituie Ao of the plane polarized
light is deternined by its angular distance 3 from the axds COX.

If one places, on the light beam, an analyzerfivﬁjh its axis of
polarization at the angular distance,; from the reckoning direction, the
is given by:

component of the plane volarized amplitude along the direction EL

G = Tocos(p-y,) w1

1

The corresponding energy measurable at the exit of the arnalyzer beccmes
£ a [P o
1"/3:}“”//5'?2) Yz -=

However the presence of unpolarized light energy modifies the alus's law
since half the unpolarized energy # vpasses through the analyzer. Then the
"

total energy reaching the light trensducer is given by:

5 - (F)eslpor) » % 2
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it is clear that & Slugdle Deng riient cannll deusiiilng The percenuiie

3

/UL Pont
o < VY - . S oy e 3 oy -t 3 Y = J
of nelarized light. Three unknowns sre invelved. /Cé:} > f3 and L, .

Ft T esat SR I JCLU U S SRRV Y T4 A ey o
At Jleast a second measurelwnd ot o alfferent cnd Koown anguler distance
&
v T iV 2 P P RN T PR -
beccenes necessary. 1in dolng 30 <ng cotains the reielionsnipd

If ors wants te soive for the &
position Y will be recuired. However, the kind of informations which can te
obtained with only two angular positions must be examined.
eking use of the dirfYerence 1o the sum method of polarimetric analysis

one obtains the differenca:

—
£,-4, [ 5> (f5mda) — ST (RTIg

in which the unpolarized light ene%ﬁyziL is missing. OCn the contrary, the su:

of the measured energies yields

2 . —
bty = (B)fecifpug) resspg)] + b W

. .
Hence one obizins the ratzo/s7aﬁ e
<o

.ﬁf/,—v’;z"/—: 2, =z,
R £k (2"/,5_”3/%}‘&2)‘““//5-3,’}]
¥ 4L JE
z*
2 /Z' c.o:,//s ,}+c05//-\//] Ly
This expressicn can be writien in & simpler form. The angles Y and Y

Eal

can be written in terms of their rhell sum wrdch is the

s

of the vissectrix of the alee}f-y') exlsting between the two anaiyze

positions, from ths reckoning awxis.
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Hence the values

. r _%4_9 zr- 1o

L =
< z 71
-0 m -

czn be writuien as par:

i

2
/3‘ Y /G - -0 8 wr-12
/3 F’-J-C(‘;’ = g W""j3

The angular difference /%-‘y; Meuzowres the angular distarce of of the

Consecutively, the anpuiar distances /5 P and f3 -3
& -~
of

os
NSV
direction of the plane polarized amplitude with rispect to the direction of the

mean angular distance f of the analyzer axes.
Introducing those angular equivalences into tne equation IZ-7 one gets,

after simplification:
//zf X -
Lz+ £ /"“/L -f-COﬁ?gCOS‘?Q:]

This exoression is sign sensitive rith respect to the angular distance o
to tre sean direction OB . Yer its ¢ Linator takes an irvardant form whend
cos 28 =0 .. 89 =Tl YZ ~I5

and mezsures the sum of tae polarizel ond umpolarined energies:
2 -
% 4 £ zr - /6
L ‘L
Z
which is the total energy of re¥ere: o the degree of polarization P .
but wder this condivion wiere Uz ’/4 , the value o sin2@ equals 1

-

and the diiferesnce to the sum ratio dscomes
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Being equc.l to zerc Jor & =9, the ratio s vasses through the rmexinmuw,

<

Z

o

R

T

(%)

M

for o(.-.'ff/gp end measures therefore the cdegree of oolarization. The conditiorns

of measurement are clearly defined by:

o = T4 =4 -7, or  B=y + W4
Y,= Y+ "4 B-Y, =0
Y, =Y, - T4 B-Y, =z

~3

nus for that

o]

articudsr case, e direction of the plane polarized

amplitude is parallel to the direction OPZ ard normal to OF

N

Considering the measurement of the degree of dorarizaticn of the zodiacal

light, in that case, the direction o the vlane polarimned arstitude 1s knowu

to be normal 1o the ray issued from the sun. Thus, if one oriszntates one ¢

the analyzer axis ncrmal vo the radial cireciion R and the othar parallel io

[

it, the accessible difference to the sum reiio measures airectly the desree
J L)

polarizatici of the zodiacal light. Only two measuwrerents appear 10 be recuires.

Aztainable accuracies and limits of uncertainties are functions of the

instruilental resolving power AE in energies detection as well as of the d

of definition in @ and X .

Achievable accuracies and unceriainties can be expressed asnalyticalliy rfor

discussion. Cne cannct consider taking the total differentizl of the raitic
as a function of both & zno &f . An indetermination would resuli consecuti-
to toe fact that both cos{2¥) ana cos(2X ) are equal to zero in that particul
case. One must resort to tne incrersnial computatiorn of A? in “‘o&. consecutiv

to the incremental variations 88 andl« .
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in wnich tne variations Fﬂqy ani ﬁéﬁv 2onesr s wouoring terms of the

second order.

. s
Censecutively the relative L:odeterminaticon 0427

/ ’ >//// -2

Fade
1 - 3 -~ - ~ B R R o Yo
ihe percentage error Consecutlive o 9&F can Le

LSO SITICE ITELatTiv

positioning of the axes of the wnelyzers can be zchieved at least to /100 of

N - Vs o
a degree yielding a value in 46 ol the order of ¢
3] (=3 l

[ER . e -

P oy g T e 2

/ < o ..-2;.('\.(/.0\1)%’1 —idiy lats
The actual trace of tre
- - £
sgxes deviating Irom SO%

Oy [STGat

several degrees, reflecting the sarme amount of deviation in the relative

argular direction of the piane polarized amplituvde.

L1
1

A o
.3 seems realistic to admit z possible ervor of L& =3 wnich, Za tw s,

or & deviavion of some C,5.1%,
However, the undeteriiration AW inof can be liftec. Indeed orne can

impose a known rotation C/ <o +he dirsction of the piane volerized Lizht by

<




v eyt . o ~F ey S e SR R R SRR . o
Seans 0L & guarui Dizbe I0r INSiunco. This is ecalvzlent o roitate tie coas |
- |
/ |
O“—‘ tivn s e b~ LAey o~ ”lr‘l"\?\ 33 5T sriso C¥ Ty e - T I N te T T e DI |
<~ Lne LnaLyrers oy vae afgular alsiance - . LGS o DWW o AdrlIerencs o Sl ‘
|

7
ratio / is found &as:

&

v b (/fz"qﬁ/”@ 28 e & (ol )
-4 /_’_727/} * Cov 28 cos 23&/+Q,,};]7/£_
(2 ‘ )

e canominator

the asmeraitor can e

/
then & is chosen to

o

7/ ;
then the ratio /7\;! as ootained 4ill maasure the d.zocir. LSl of & Toom its
assigned value as per:
/',72-
7 * ’ 3 |
o7 / e / 0L (2 Aot
= Ryesdky -—
= 7 -238
r4
/_.’2 b s £
zZ “

for 17 = 77'/A,‘-

Q.

LY [ 3y / 79 x - ) N 3 .
Note that whe sum & + N 7 cannct cance. the deviavion AC“{ since the

value of this sumn is

N
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if cne considers that for snmall angie £/ cne can wiis .

tlsn, 1t has been shown that the ol crence L0 tne sam ratio ﬁﬁ’ leads

arowni the gero origin, to the umcertainty:




SR 2 SRR - AN AP Y s

nence 6! can be determined witnin an uncertainty of

9A) = zéfzf} ] i‘f | w e

wherein cff/f expresses the uncertairziy in the ncasuraisnt of the ensrgie..
Taking (5‘157[:' =0001 as found in an analog systen eni &= 774/‘ the arzle 4
becoumas uvallabls at .
J/Ao/) — 0.000 5 radwn = C.028 6 degree

From the analytical ureatmsat ii appsars that
possesses both the range ard the accuracy compatidle with the preblam of
determination of the degrec of polarization of the zeodlzcal lighte

It has znother advgnuage. The suwn O e enesgies ﬁ; -f-f; or £+
an irvariant, can be compared against the irradiance of the sun through a
ecalivrated attenuator by ieans of peak rider technigus.

Owing to the distribution of ths size of the particies and oi their
naturs, a certain percentage of ellipticity cculdpoe expected. The ellipizeity
associated with the observable planc polarized energy caraoct be det gohed direct.y
by “he use of analyzers alone. Heli of the clrcular polarized energy Areseat
passes through the analyzer irrelevent of the orieatation of its awis. This
energy, undistinguishable from the unpolarized lignt, if present, is thereiore
ntegrated as unpolarizea.

A general analytical relationship for the case of gilipticity has bee.

estzblished for the energy emerging from the analyzer as

fo2 /ﬁ} e[‘? ot + 1/57)2 & .-{54} v -35
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Chapter IX

SC AR SPICTRAL ITHRADIANSE ard LICGHT TRANSDUCIA FERFCRMANCES

§ ~ay ccer
lJA. Aosl LLGHT

T ' 3 £ - 3 45 s oy s e ey [ 3 < S e ey e v ey e m

In the search for acvuvropriate light transduco. ara relate thelr cnaraccer-
: X o [ P [ L]
istics to the oroblem of neasuremsni of the brightiness of the zodiacal 1ig

SRS s T e 35 5 < 3 T TP L BV T I SN AT S T
diffizulvies were expericaced 04 account of ambilviities oo Lask of

of the energles of refercace. dost »f the manu

of the eye which variss with the wave length of the lishi.
If ons refers to the accepted least mechanicali ecguivalent of l1igoi, there

. 1 _ . ) .
one finds the equivalence of 1.61 x 10% ergs x sec 1 5560 A%, vVes, this

js¥)

equivalence valid for the given wave length loses most of 1ts meaning in visw
of the actual method of testing perforired wnder white light illumirasion as
producsé by a tungsten lizht source mairtained at 2870°K.

rience the avallable Jdava, in general, refer ©o the integral of sisciral
distribution times the spectral sensitivity ¢f th transutcer.

One could consider tne definition of a lumen gziven vy C. W. allie..

(tsircphysical Quantities 1955): a lumen is the lumincus flux from an ares

1/40 Tr cm2 of a black body surface at the tempevature of melting pletinu:,

This guantity of energy, as defined, appears to be the flux-correspon:iny

-

to the integrated spectrszl distribution of the emitted energy. Indeec comauirn

2

the emitted energy by one cm® area of melted platinum et 2042° ¥ for the w.ve

length of M= 5300 A°, one would obtain:

4F = 13520 eiyo/Cmf/éec‘. /7:

60

ity in amper per lumen, tiough this unit of energy 1s rcliated to the :ansivivit,



ard a iures equivalence orf

1 Couls/] oo . o
,Z..é’?: = */ 6'2- = &L, 038 @:"»../a//ﬁc‘;;‘:./‘7

a diszropostionate figure

o

vr Y .~ AR : ey e e mr e e i RN S SR I
Honeo Ae eVvVALUuITIONn Ol Uiie Juknen ! Is: DL . PRERITOLS FSMPORVININ

£ the energy throughout the whols

e . . .
d S e P LI B o s
LOAL COTred IC..CL.,..,E Lo & e nerar e

be quite cumbersome for tne determination of the avalistle encrgy In Lems o

wave -~engths

Considering those Fecos 1t apperrs to be ncre comwverlent and molw
reliagble to compute the emission of ensrgy mer wilt area at Temderaltil'ss Ca

6000° ¥ and 2870° K and to relate the available speciral relative sensitivi)

of the cathodes.

Using the Planck's lormuia

5
,f;:";:,'C‘Z;‘i/le;3 1 zz-1

=3
;-277'/70C2= 3.74x 10 egj&/cmfoec o= 2

for A znc 82 inem: C.6.S. uanits, and

m—————

C = Fe = 1,438 .:m.o7c:7fee = -3
2 K

the emivted cnergyf has been computed at dilferent wave lengths Zor zn

interval A‘)\ = 100 A° and for the temperatires of

values are given in the foldos

of vhe emitting surface as given Oy




Wavelength
A in 2°
G00C

80C0

5000
L500
Loco
3500
3000
2500
20C0

Energy Emitted By 4 Elack cody

W

. ] - Loy
in ergs / cm®, sec, 1C0O A~

Terzeratare 6000% K

BErdtted Energy

£

176 % 1°

6500

603 x 166
751 x 109
833 x U
905 x 108
965 x 10
987 x 10
1605 x 100
930 x 109
915 x 10°
759 x 100
525 x 10°
260 x’lOé
74 x 106

Erightness

B Ly

15:.5 x 10°
192 x 10°
239 x 100
265 x 20°
283  x 10°
307 x 106
3 x 106
33 x 10%
296 x 100
261 x 10°
2l x 100
167 x 10°
82.7 x 106

23.5 x lO6

].La:? X 106
13,2 x 10°

0.436 x 10°
0.086 x 16°
7.73 x 10°

0.155 x 103

righirn:ss

=
}3 et
=L

2 AR -~ i
N~ SN ane's b
~
[ 3
De X Lo
.
I -
a2 ¥ 4
A o
] J6 P A

~ 7 . ~
e ‘:2 Xads

0.027 % 10
2.6 3 100

0.049 x 10°

Those values are presented in form of a graph for rapid examination.
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The energy emitbted oy a perrect diffusor &

6000°K and 28’,"001{, as computed from the Planclits

in terms of the wave length.

63




10

Ergs

5,
10"

10

107

- }'Lyute X -7 _
Emitted energy in ergs / cmljcec; A°
// \\\ beog &2
\\
4 B
A= 7 5 .
- 2870 Ko©
~7
e
-
l
/ L]
/
/ |
1 ,
' v
3000 4000 5004 6000 70Q0 8000 Sreiely;

Wave length

Al

AC



5 Lot b it
1 | e sk R i L

The values of the wave lengths corresponding to the veak of emission zre

obtained from Wien's law
]2 202897 /7’ a-5

and are fourd to be
> 4840 A° for 7= s00a K

af
A, & logo #° ., T=2870° K
It is seen that ths brightness of 314 x 108 ergs/cmz. sec.100 A° :t
) 5300 AC for the temperature of 6000° X differs from the compilation by
C. We Allen (1955) for the sun brightness, at the same wave length, reported
at 294 x 108 ergs/cm?, seq 100 A°,
The relative difference amounts to
oE, 22 z 10, 068
& £84

Considering the differential of the Planck's formula with respect to the

temperature, that is

ofF 4 (L) T zx-vé
e~ Wr/ T

one obtains a temperature difference of somne :
A7 = 80° «
correspanding to 5920° K for the equivalent temperature of the sun avere:ged
over its disk. Hence the evaluation of the performance of the light
transducer, the temperature of 6000° K has been elected. The correction in
Af , amounting to a small percentege, can be easily introduced.
The irradiant energies per cmz_secuéﬁ are obtaineu directly by dividing

the computed emitted energies by,

-/ 7 ,9,1/,/,?@);= 4.62x10"
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AT ™

the square of the ratio ¢f the dictance of the earth to the sun by the racius

of the sun.

-~
i

Hewever to permit a direct comparison with the values of Johnson's (195L)

Solar Spectral Irradiance given in crgs/crn2 sec

AY 2% the distance of the sarth.

The emicted energies already 'computed for AR = 100 AY are divided by L.62 x
J.O6 nstead and reported in the next chart.

Those data can be used to determine directly the raference anode currsnt
output of the photomultiplier. The reference. cﬁrrent equals the product of

1

the irradiant energies per cm2. sec.Ao times the cathode radiant sensitivity

kK

have been determined for the case of the E.M.R. 5L1A-01-1l, which, from the

in amper/watt, times the elected amplification factor . Those values

preliminary search, stands out for its extremely low dark current and noise
equivalent current input.
The reference anode currents are also enterea in the following chart for

rapid reference and given in the corresponding graph in terms of wave length.
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. - R - ) =1
Irradiant Ene-gy'ﬁrzboo in BErgs ,ca™% sec ;~A° -

Reference Ancde Current in Amp for E.M.R. S41A-01-1);

v.se Wavelength for T = 6000° K

Wavelength Irradiant Energy Cathode {Radiant Ancde Current
A A° E ergs/cm% gec, A° Sensitivity g« A/W 'Zze in Anp at
k Knplification
G = 208
8000 130 eag+
7000 163
6500 180 0.0012 A/w 0.022 A4
‘ 6000 194 0.0092 0.180
5500 209 0,0327 0,68
5300 213 0.0446 0.950
5000 217 0.0477 1.035
L4500 201 0.054L 1.09
1,000 198 0.0L92 0.975
3500 16l 0.0331 0.5k
3000 11y
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FIGURE IX - 2

TYPICAL ANODE CUR:ENY - AMPERS AT AN ALPLIFICATION
G=10% FOR SOLAR ELZRGY jcma. sec, 4° AT YHE DISTANCE

(I THE EARTE

The anode current ocutput available from a typical E.M.R. S541A-CLl-1ih
Photo multiplier in function of the solar irradiunt energy, at the distance

of the earth, computed on the basis of a 6000°K temperature, is shown as

PRSI T 3

reference vy the graph in terms ol wave length.

Actual solar irradiant enexgies can be ecvalugted in terms of per cent

!
deviation from the basis of reference.
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One can compare the irradiant energies, cempubed for

]

AAnO
= 5000 iy
against some of the solar irradiancss, ebove the aimosphers of “he o “th,

E

indicated by Johnson as indicated in the following chart.

. 2
Irradiances: ergs/cn®, sec A°

Computed at ? = 6000° and revorted . =nson)195L

Wavelength ) 5000 #° 5300 5500 6000 A7
Irradiances: Computed . 217 ezgs 213 209 196

« Irradiances: Reported 198 ezgs 195 155 181
% Deviation + 9.6% + 9.23% + 7.2% + 8433

t 1s noted that the deviations zre consistant and that the values
obtained at 6000° K should be decressed by an average of 8.5% for final design
ing.

In view of the agreement existing between reported and cemputed vélues of
the solar irradiances one can safely oredict the cwrent output of the photo-
multiplier in function of the brightness B} of the zodiacal light wnich has
been referred to the brightness j’- o of the integrated solar disc. But the
zodiacal light being an extended sovece, the available flux of energy per unit
area ‘becomes equal to the product of the brightness of the source times the
solid angle in steradian, correspording to the elected angular field of view

U of the instrument.

Normally in instrument design, the field of view is expressed in

degree. Its corresponding solid angle can be taken as
2.

AQ z2u[TU) = T.0.761:10  UU* -7
17 -/
360
‘ without sensible error for the range of few degrees in U/ .
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o € 3 P -
Thus the flux of energy per cmﬂ aec‘A’ due Yo the zcdiacal

(6]

given by either

‘é,;e B;a /»%) T, 0.760,10 U2 71 -8

or

£ - £ /5= ve1 1o 1" -9
ze hand 6 ey )‘O.IQLXpO J
(O]
However since there is correspondence tetween spectral irradiences
/27 ) ° computed for the temperature of 6000° K and the valtes
€/6000

reported by Johnson (1954) cne can make use of the relectionship:

_ B P 2 i}
ée -é 5 ,m(z%) X -10
©

Where Zé) is the angular diameter of the sun tzken at 321. This leads to the

relaticnship:

£ = é(g%j,s,sa,yz -1

from which one obtains directly the energy collected by the required afocal
telescope characterized by its equivalent clear diemeter J and its over zll

transmission factor ZZ .

Hence the relationship: Z-12
2 2 2 2
ZE - £ __é)xs.szxg,’]”k,ﬂ U.—.ﬁ;{-é)xz.%n’fxﬂl/
Ze Bp By
for the flux of energy available at the eathode of the light transducer.
From this last relationship il is seen that the available energy at the

cathode of the transducer varies with the square of the angle of field of view

U/ and the square of the clear dismeter of the afccal telescope. At first

. . . ‘ o M . s
glance)practlcal dimensions of B = .0 em and U = 2° woul give a collecting
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2.7
power J U~ or equivalent surface of scme
S:z26767 /w4 £ 1011 cm™

leacding to a high signal to ncise ratioc.

[e)
]

3 Pt P ~as Y Flma =i o4- ~Ynrre
limitations imposed by the inherent behavior of

1G]

But, one faces s=aricu
an afocal telescope be it of the positive-vositlve type, as shown in the
figure, or of the' positive-negative iype.

First of all and most important in the discussion appears to be the

< . ’ . . . .
angular degree of collimation {J at the exit pupil which is located at the
principal plane of the secondary objective. It is expi.zssed in terms of the
- . ’
angular field of view U of the system and of the focal lengths £ and £

of the primary and secondary objectives by:

Z/’_!_QZ?S’Z/'E X - 73
fo/ f?/
since the angular field of view remeins small, a few degrees: the angle equals
its tangent for practical purpose.

The degree of collimation, measured by l/i,must be kept vithin the practical
angular acceptance of the polarizing element which remains always limited by
consideration of total extincticn of the field.

Certainly polarizers elements can be selected which admit rather large
angles of collimation or field of view such as: Polaroid film or Nicol's
orisms but then total extinction cannot be secured. On the other hand prisms
such as the Glan's or the Rouy's prisms achieve total extinction but their
total field of view is limited to some 8 degrees. Also the transmission of the
polarizing element must be considered carefully. The angular acceptance of
the prism must be evaluated also with respect to the spherical aberrations of

both primary and seconrdary objectives which restrict somewhat the angle of

- field of view depending upon the residual caustic.
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A FOCAL TELESCOPE - CICMITRIC PARAMETERS

1]

focal length of the front objzctiv

focal lengtn of the secondary cbjective

clear diameter of the secondary objzctive
o

angular field of view for the front objective

limited by tie.aperture dr of the 7ield diaphragnm

reietive field of view for the secondary objective defined by the

aperture dr of the diaphragm
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Afocal telescore - Gecmetiric paramcters
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A second facter which cannot be disreparded in the evaluaticn is the

/
diameter J of the collimated beam zoverned by the relative averture of the

By

afocal telescope. In fact these verameters are related to each other by

2’29, £ =5 U ZX -14

=t

The exact optimum vy » to be determired in function of the

it
4
33
b
@

nes will
restrictions of weight and volumes.
Keeping in mind the reazlization of the system one can take a practical
Y .o
value of U‘-‘5 for the collimation and z cleer diameter of O cms for the
primary objective. This choice of dimensions permits an angle of field of
view U= 2%, EHence an attainable collecting coefficient of |
5: 2.767,; /5)i/2)z:: 398 szx daz
Then the anode current output for a typical E.M.R. 5414~01-1l can be
computed on the basis of a band pass AA equivalent to 100 A®. Its expressicn

being of the form:

-7
- . /0, , £ (B - 15
{;- < /. 4,2767,Z]ﬂ é/EO}A?\,Z,_’, a

Where ;
Ok = cathode sensitiv ty = AfWatt
G = amplification = 10°
Z_-’.DZ = equivalent clear collecting = 36 em?
U - angle of field of view = 20
£ o = irradiance = ergs/cngzec, A°
B/ ‘B = relative brightness of zodiacal light: = 3 x jo~33
o minimum
. AN - spectral band pass = 100 £°
7]‘5 = +{ransmission of the polarizer = ;5%
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The transmissicrsgzg for z polarizer varies greatly Ifron one type to
another. Polaroid film of good guality heas an sffective irznsmissicn of the
order of 16%, Wicol's and Glan's prisms of tae order of 23-to-25%. However
the Rouy'!s prisms single and doubZe cud, ortzogenal 1o the "C" axis of the
crystal have been tested st higher values without antireflection coating at

|

the entrance and exit surfaces. Scume experimental values are indicated here

for reference. The transmiscions ere given Jor over ail tranenission of
o

unpolarized and for polarized light.

Transmission for Rouy's Polarizing Prisms

Single Cut Double Cut
Wavelength Unpolarized Polarized Unpolarized Polarized
d &° Light Light Light Light
6060 L6 ¢ g2 % b3l % 8 4
5500 L6 % 92 % L2.5 & 85 %
5Loo L6 % 92 % L2.3 3 8lL.6 ¢
L300 bl % 90.8 & 2 2 8L %
1000 43.7 % 87.L % 39.1 % 78.2 %
3500 b2 % 8L % 36.5 % 73 %

Losses by reflection can be decreased considerably. A single magnesium
fluoride coating, quarter wave length, reduces the reflection losses to only
1.2% ver g(r to refracting material surface. Yet ccnsiderable progress has
been achieved in this domain: J. 7. Cox and G. Hass = J.U.S.A. - September 1962.

s e : o5 AHMFE L 2 A
For instance a triple coating defined by Z 1‘73 2 + ZCe 02 “+ Z Ce F—5

on the subsirate secures a zero reflecticn loss at 53CO A° while the losses are

still 0.1% at L4500 A® ang 0.2% at 5000 A°.
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e % rin] v AMF +4Z0 + 2CeF, ,
The triple coating = iq 2t Z ;Z; % Z 3 on the
substrate permits to achleve a ranse ¢f sore 3C00 AY with a maximum lcss by

reflection of 0,3%.

Then it is safe to assign an over all transmission of 45Y in unpolarized
light for the double cub system and L9% for the single cut.

The over all trancmission 7. = 5%, Tor unpokarized energy, is therefcre
taken as basis.

The values of the anode current Jl; for different wave lengihs as well
as their ratic to the equivalent ncise current, compuled at 5%‘ = 2.53 x 1o~
for the amplification G = 106, are tabulated in the following chart on the

basis of the irradiances computed for a temperaturs of &C00° K.

(9

- |
Availablie Anode Currernt ]‘;Z at ‘%@ =1x 10~
,Jcl

Signel to Noise Ratio for 2; = 45%

V.S. Wavelength A

Wavelength Irradiance Ancce Current Ratioc
£° [E;’J 6000 X I.:zz Arp Ly /ey
6500 180 exgs 3.9 x 107 Amp 1.55
6000 196 3.22  x 10710 12.72
5500 209 1.225 x 1077 L8k
5300 213 1.70 x 10-7 67.2
5000 217 | 1.855 x 10-7 73.4
1500 201 1.95 x 1077 77.2
1,000 198 1.745 x 1077 68.8
3500 164 0.967 x 10~7 38.2
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for ihe range

e

Hewever, oe

both cathode sensitiviiy and noise level. In what extent, this cannot e

o

reported since no exacting measuremests have teen secured as yet. Nevertheless,
though somewhat conservative, the indicated paramelzrs satisfy the reguire-
ments of the vroblem.

I there i1s no major objection from the sclentiiic point of view, 1t is

o

if
@
.

suggested that the vand pass of A)a 100 4° ecreassd or ab least

ct
O,

o)

fde
C

not below 50 A°. For reliasbility,

t is preferable to obiain the largest
possitle signal to noise ratio and thus avoid complexity of the electronics.

Netwrally in the range of elongations from 2° to some 12° the signal would
have to be atiervated since the bris

5% 10720, - 1n thet region cne could tak
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band vass to rather small values and achieve therefore a better discrimination

in light scattering functionse
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automztic contrel and refersnce while incervorating safely feabures which
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is certainly admissible
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would not be necessary for groun
that the instrumentation can be monitcred and commanded, at least within certain
limits, through the telemeiry of the vehicle. But, monitoring and commend

should entail only z fracticn of the available vime while being compatible with

. -

the over all czpsbility of the system., At that sitage, the feasibiliity study

oy
)
[d7]
[
@]
o
w
M

imited to the basic requirenent for the instrurentation, keeping in
line with achievable minina in power requirenent, welght and volume. Firal

details in desizn and engineering will have Yo be studied sevarately.
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Bazsicaliy the instrumentation can into several major grouos.
Instrumental optics

Light energy transducer circuid

Electronics and éycling

Data handling and transmission

Each group can be and will have to be divided in subgroups or sub-

assemblies tc study their relative liaisons and dependencies.

Instrunental Optics
In spite of the fact that the instrumentaticn will cperate above the

earth's atmosphere, the value of the relative brightness jj}éi:) of the

zodiacal light falling as low as 1 x 10713 at an elongation of some 100°, very
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little irradiant energy per unit area is available. 4 collector of energy is
mandatory. Collectors of light energy could be, a$ priori, of the converging
type, either catadioptric or dioptric, focusing all the light energy into an
extremely small circle of confusion. But, the large angles of conver
for the marginal rays, found in those systems are readily unccmpatible with
the angular acceptance of polarizing systems which is generally limited to a
few degrees, The study of the optical collectors indicates that, in that case,
the collector must be an afocal telesccpe system for over all compatibility.
The afocal telescopes are of two kinds. The positive-positive system and
the positive-negative one. Both systems having a zero convergence transform
an entering collimated beam into an emerging one of smaller diameter. The
ratio of the diameters of the collimated beams is strictly defined by the ratio
#ﬁép of the focal length of the secondary or back objective £’ onto the focal
length £ of the primary or front objective.
| D’ = _f,_D x-1
P
However the types of afocal telescope differ from each other in terms of
their over all length l', For the positive-positive system the over all length
[k, is given by the sum of the focal distances of the objectives
Ly = y2y- X-2z
while for the positive-negative one, the over all length Zk reduces to the
difference of the focal distances, yielding
[0 ol /‘P"IEI | £ -3
The positive-negative afocal telescope would be more suitable since its

relative aspect ratio ,
_ ln _ FF

= _ 4
P22, fep £

is the smallest one.
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However the choice, here, is condiiioned by the eventuality of a dirsct
or nezr sighting into the sun. For that reason one must elect the positive-
positive system. A well defined, real field ston diaphragn Q; can be
positioned at the accessible focal plane of the primary cbjective. This
diaphragm Q;, also defines the angular acceptance L/ of the sys>em and controls

the degree of collimation U of the emerging beam through the existing

éﬂU/-: _61)7_" £ -5
f/

/anU:ﬁ;_Zf , X -6

and for small angles

e
RN
N

U’ X -7

—_— K
ﬁ,
!
The angular fields of views U and U have alrzady been discussed in
terms of requirements for light energy to secure an adequate and safe level of

signal to noise ratio. Thus the tentative design revolves around the following

dimensions:

U
J

~
angular field of view = 2 degrees

e d
clear equivalent Jiameter = 6 cms

?
U = angular collimation = 6 degrees
J = clear equivalent diameter = 2 cms
b ’
fo //" = focal length ratio =J)/ﬂ = 1/3

Those dimensions lead to a practical collecting coefficient S of some
p 2 °z
S =398 cm'x =)

. as already established and which has been found sufficient.

8l




J
The exact focal lengths {3 and consequently f9 are tentatively

indicated at

~
fp = focal length of porimary objective = 10 cnms
? ~
f? = focal length of secondary objective = 3,33 cms
d - . ~ ,O 1 .
= angular convergence of marginal rays = 16 LO” leading to

to a practical over all length of the afocal telescope of:

Z ; =~ 13.3 ems.

No final decision can be taken at this point in view of the fact that the
tolerable spherical and chromatic aberrations of the system will have to be
exactly evaluated. Spherical aberrations, on axis, vary with the square of the
diameter of the objective while the axial chromatic aberrations vary with the

i
foczel length. Only an cptimum comprowmise can be achisved. However the ratio
of the dinensions indicated for # and £  is in line with the establishod
behavior of the afocal part of zooﬁ lenses. It coculd be possiblie tc reach a
1/3.5 ratio but at the expenses of serious optical complications which would
entail a larger loss of light by reflection losses.

As to the nature of both primary and secondary objectives, they can be
tentatively specified in view of the enviromsental confitions which forbid the
use of fogging refracting materials and cementing.

The primary objective would incorporate two elements: a positive element
working at the minimum of spherical aberration followed by a stigmatic positive
meniscus which can be designed to correct, in part, some of the spherical
aberrations of the front element. This compromise results in some losses of
the stigmaticity of the meniscus.

Suprasil ] - grade A - pure silica glass, answers fully the non fogging
requirement for the refracting material and should be elfcted for the two

components of the front opbjective.
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. FIGLRE X - 1

MEASUREMENT OF THE BRIGH™ESS AND OF THE POLARIZATION OF
THE ZODIACAL LICHT
DIAGRAM CF THZ INSTRUMENTATION
An afocal telescope including a primary vositive objective and a
secondary objective collects the irradiant energy and collimates the Light
beaia
df - field stop diaphragm defining the angular field of view U
/ /
(")t.l 5 Q,.,_ N QI'I and Q/'z moveble cuartz plates rotators
MF - Monochromatic filters
Q/4s  Guarter wave plate
JCP Fouy double cut prism
5,9 Black glass reflected light trap
/{,. Kerr cell
SC, P Rouy single cut prism
S‘/o'/: Stop diaphragm
PM TFhoto multiplier
The input of solar energy for reference is injected, on time sharing

- " o v, -
basis, through a side chamnel inclined at 10 1/2 from the normal to the

telescope axis. The line of sight through the sun is tentatively phased 90°
ahead of the telescope and at the elongation &  of the scan direction,

The channel incorporstes a light ensrgy attenuator, not shown, and appropriate
mirrors arrangement M to fold the system,

MF Menochromatic filter
D(.PI Rouy double cut polarizing prism.

K :. Kerr cell

‘ $cP' Rouy single cut polarizing prisu
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The secondary or back objective being of smaller diameter zllows for
correction in spherical and chromatic aberrations, ab least in part. lMade of
an uncemented doublet, including one positive and one negative elements, it
will have to be over corrected in spherical and chromatic zberraticns. The
exact matching of the orimary and sescondzry caustics cannot be expected. The
choice of refracting materials is unquestiornzbly Suprasil I , pure silica gluss,
for the vositive element and tentatively saphire for the nezative one. Since
the secondary element is at least partizlly shielded from direct radiation,
saphire could be replaced by somz rroven optical glass, if the rate of fogging
is deemed compatible with the duration of ithe experimentation.

Ahead of the field diaphragm ig, which defines the angle of field of view,
and facing the front odbjective, one can locate a ring shaped light transducer

éb defining, through its free outside diameter»cg s a fall-safe angular field
of view [/, of some six degrees or more. Thae outiut current of this transducer
would be used, in case of excessive lighi{ energy due to accldental sighting into
or hear the sun, as a2 secondary fail-safe command. It can e either =z barrier
layer type photocell or a solid state photo conductive cell which, then, could
be usad for measurement of white light integrated ene;fy in the direction of
sight.,

Thus the described afocal telescops provides for a flux of zodiacal light
energy wnich, for a monochromatic filter having an equivalent band pass AL

of scme 100 angstroms, centered for instance at 5300 Ao, gives access, through

the whole integrated optical system, to a typical ancode current output of

-9
]a 2 .70 x 10 amep. '

This ancde current_]’ appears to te in the ratio of some 67/1 with respect
<
to the typical equivalent noise current of’éf = 2,53 x 101 enmper of the

tentatively eliected A.M.R 5414-01-1}; photomultiplier.
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FIGURE X - 2 CASE I
The vectorial diagram shows the successive angular rotations of the
ampiitude vector Ay of the plane polarized light c;,used oy the introduction
of’ the rotators Q; or Qz to bring the vector Aq either in the position Ag,
normal to the apnalyser axis OP or into the position Ags parallel o it.
FPIGURE X - 3 CA3E II
Vectorial diagram shoving the effect of the introduction of an auxiliary
rotator Qrfq causing en additive rotation of +45° of “he direction of the
amplitude vector Ap of the plane polarized light. The final plane
polarized amplitude directions Aég and A;l make either the angle +45° + 4

or the angle - 45° + 4« with respect to the direction OP of the analyser

axis giving access to the angular deviation 4
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Cese I Plane Polarized Amplitude A,

- A Parallel to P - - Aol Normal to P -

s
jo2

_ Froure X-3 _

+459 e

ase II Plane Polarized Amplitude A

at +45° +AX from P A2y at ~45° +hd o0 P

A2+
0L
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The coliimated light beam exiting from the secondary objective, in its
progresslon toward the light transducer, passes first through a quartz crystal
plate rotator éaz causing an angular rotation &, of the direction of the
Dlane 51 ized 1icht f Inatanca 5 = + ’50 m s PO "

Piane polarizedq +igaw, 10r insvance &, = 4> « This rotator can be nmove
outside the collimated beam and replaced by the adjacent quartz crystal plate

rotator QLL . This one will rotate the direction of the plane polarized light

This arrangement permits the examination and measurement of the zodiacal
light for its degree of polarization and brightness in accordance with the
analytical development of the difference to the sum ratio, It is the minimun
requirement since the rotation of the main analyzer onto the two preferr:
directions, normal and parallel to the ray issued from the sun and intersecting
the line of sight, appears as not (uite practical for ssveral reasons. Con-
sidering the weight of those quartz crystal plates, a few grams, is already a
very favorable factor in their favor.

The use of rotators for shifting the direction of the plane polarized
amplitude entails the recording and integrating of several consecutive cycles
of the same kind. It is deemed favorable in the over all picture since by this
prrocess, ecuivalent to a low band pass sysiem one can reduce appreciably the
noise lavel.

if more reliable data are to be obtained through shifting of the two axes
of reference.&? and.é’ by the angular distance c%/:’ﬁZ% , as indicated in the
analytical study, then those rotators must be either preceeded or fcllowed by

’ /
wartz erystal plate rotators é&i s andélz_ causing the rotations

+7vz and J“Z% . They =zre equal to the previous ones.
Trus with the rotators ., the piene polariied light is entering the

analyzer with the direction of its amplitude either parallel or normal to the
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axis of the analyzer. On the contrary, with the combination of the added
, .
rotators éz. the plane polarized light enters the analyzer with its amplitude
at the angular distance U/q. +4  or W -AX . This last measurement
provides the exact determinstion of the possible deviation A and also permits
to introduce corrective terms, as defined in the analysis, into the value of
the degree of polarization 7b .
-4

Before entering the analyzer, tte light beam traverses a monochromatic
filter MF, interference type, having its peak of transmission centered onto the
elected wave length and having a band pass of some 100 angstroms. The substrate
of the monochromstic filter, or filters, should be preferentially Suprasil{
pure silica glass. Several of those filters can be arranged into a proper

(wheel)

carriage, wiiz=sh, to be introduced electively onto the beam, upon command.
Eventually the monochromatic filters could be replaced in a more sophisticated
design by a minlaturized and simplified grating monochromator providing that it

be placed after the analyzer system. This position would have to be observed to

eliminate the component of plane polarization, normal to the exit slit,
characteristic of any monochromator behavior.

Considering the fact that the light bean délivered by the afocal collecting
telescope is already collimated the realization of the monochromator would
entsil the addition of a grating, about 1 x 1 square inch, a small off axis
parabolic mirrcor, = 1 inch in diameter and one exit slit or exit pupil of the
filar optics type. The definition of the band pass would have to be computed
and compared against the achievable spectral transmission of an interference
monochromatic filter.

The monochreomator would offer a better investigation of the influence of
the wave length upon the scattering. An aspect of real importance.

At the emergence of the monochromatic filter MF, the light beam enters

the analyzer proper DCP as shown in the diagram of the instrument. For this
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analyzer, whose sxis of polarization P is preferably located at LS° from the

norrmal N to the radius R issued from the sun and intersecting the line of
sight, the choice of a Rouy's double cut prism is favored. Its over a1l
transmission exceeds L5%, though somewhat lower than the trensmission obtain-
able with the single cut Rouy's prism, it is about double the value of the
transmission characteristic of the Glan's orism.

Moreover, contrary to the other tyves of polarizing prisms its field of
view, soms 8 1/20, is positively defined and limited by tctal rejection for
rays whose angle of incidence exceeds L 1/4° in absolute value from the axis
of the prism. The light beam exditing from such prism is always 100% polarized.
For further precaution a plate of black glass Bg is maintained in close contzact
with the long side of the prism. Its purposc is to lower the lighit energy level
of the light reflected toward the telescope by reflection on the side. It is
not a necessary procedure but an added safety feature.

Following the analyzer prism DCP, a Kerr's cell Kc is placed onto the

beam with its fast F and slow S axes orientated to form angles of +45° and -Lg°

respectively with the axis of the polarizing prism. This Kerr's cell has a
duality of purvose and governs the functioning of the instrument.

Upon its excitation, at the adequate field gradient, the Kerr's cell trans-
forms the plane polarized light into circular polarized light energy which can
then traverse a polarizing prism SCP, placed after the cell, at 50% transmission
irrelevant of its angular orientatisn. On the contrary; when the exciting
electrostatic field is not applied, the plane polarized light remains unaffected
in both amplitude and nature and enters the second polarizing prism SCP. This

Rouy's single cu
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prism on account of its higher trans-
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mission, is orientated with its axis normal to the direction of the axis of the

double cut prism to secure total extinction of the plane polarized light.
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Thus, when the Kerr's cell is not excited, no light can reach the photo-
multiplier. On the conirary, the light energy reaches the photomultiplier
- when the Kerr's cell is excited.

The first purpose of the Kerr's cell is to introduce a 100% modulation
of the light energzy reaching the phototransducer as imposed by the dark

current computed at & = 2.03 x 10~ ampere. At what frequency the Kerr's cell

D
¢ modulated is presently the matter of an analytical treatment in vicew
cf the possibility of attenuating the noise caused by a star crossing.
Unguestionably, the frequency of modulation should not be chosen smaller than
that equivalent to an angle of scan of 3 degrees. In the case of the 0.¢S¢06
vehicle, rotating at some 1/2 RPS, the frequency should not be lower than

1) 2 60 cycles per second.

The second purpose of the Kerr's cell is to protect the light transducer
from excessive irradiation. Indeed, the field of excitation can be ccllapsed
instantaneously when a properly angularly located sensor sends a signal éf
proper strength into the power source of the modulator. For instance, the
suggested annular seé%r {; s placed ahead of the field diaphragnm é; can be
at least one of the safety sensors. It is deemed safer to incorporate a second
command acting independently and preceeding, in angular relationship, the
afocal telescope. This sensor could impose a time constant, for the recovery
of the modulation, of such magnitude that the protection would be 100% e’fective
in 211 eventuality.

There is also a phase of the scanning cycle which is worth specific
attention. For approximatively half of the period of revolution of the vehicle
around the earth, the telescope will be directed toward the earth surface.
First looking at the upper layers of the atmosphere then later at the dark

surface. For a short period of time the telescope will be directed along a
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FIGUREX - Lk a

The field of view limited to some 8 1/20 for both Glan and Rouy
single cut prisms is bounded at the right by total rejection of lizht
energy and at the left by admission of unpolarized light
FIGIREX - b D
The field of view, limited to some 8 1/2° for a Rouy double cut prism,
is bounded on each side by total rejection of light energy. The prism can
pass only the extra ordinary polarized light energy.
FIGURE X - 5
The light energy of reference E,., obtained from direct sighting into the
sun through a referencing chaanel iacorporating a calibvrated attemuator, is
injectéd into the system at half anzular distance between the peeks of the

zodiacal light occuring at the elongations £, and &£,
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tangent tc the upper layers of the atmosphere. It is conceivable that
measurements of radiated energies in those areas would have significance.

This question has not been examined as yet. But the basic instrumentation
could be brought to bear into that rroblem using the fail-safe circuliry to
control the procedure. Indeed, it is possible to command and conirol the
strength of the modulating electrostatic field to govern the light level reach-
ing the transducer and this within the limits of C to 100%.

A reference of light energy level is of practical necessity. If possible
the reference should be taken with respect to the sun's brightness. At least
several methods of referencing carn be designed. However special attention is
directed to the fact that reliability is of prime importance. Along this line
it is highly desirable that the light transducer which is deteciing the bright-
ness of the zodiacal light be the one looking at the reference source. Thisis
a rather serious problem. The light energy for the reference musi have, at
the photo-cathode, precisely the same rhysical nature as the light emerging
from the last polarizing prism SCP, the same density distribution function and
the same angle ¢f incidence.

A practical solution is proposed which satisfies basically the requirements.

For the light transducer PM to look into the reference source, use is made
of the air inter face reflecting back surface of the prism SCP. One can inject
the referencing light energy at an angle of some 16° 302 from the normal to the
side surface. This referencing beam, being plane polsrized with the direction
of its amplitude parallel to the reflecting surface, that is, parallel to that
of the plane polarized energy which traverses noﬂmally the system, becomes
reflected toward the sensor and precisely a2long the main axis. The reflecting
power Z is rather high owing tc the angle of incidence at the air space

surface for one part and to the fact that the amplitude is parallel to the
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reflecting surface on the second rart. The reflecting power £ hzs been

evaluated at L7.3% for a wave length of 5300 4°, Thus, the referencing beam
{

being collimated at the same value U s &8 prevailing aleng the main axis, is

ane polarized,

}._

also of the same nature as that of the normal beam, that is p
with its amplitude normal to the direction of the amplitude of the normal
beam at its emergence from the prism SCP. To bring the referencing amplitude
te be
of the prism SCP” to be parallel to the plane normal to the diagonal cub of the
prism SCP. In that relative angular position, a far lower coefficient of
reflection is c¢btained.

The referencing beam traverses, before reaching the prism SCP, an
equivalent optical circuit including a double cut prism DCPﬂ, a Kerr's cell Ké~
and a single cut prism SCPl. This part of the optical circuit of reference
will follow a light collector pointed toward the sun and the appropriate
attenuator. But light collector and atienuator become rather small in view of
the considerable relative brightness of the source. Treatment of this part by
Fiber Optics appears as one of the simplest and most reliable soluticns.

In its functioning, the reference circuit, whose line of sight is ﬁhased
at half the angular distance between two consecutive peaks of the zodiacal
light, first commands the collapsing to zerod the energizing field of the
Kerrts cell K¢ on the telescope axis and opens the modulated field on the
Kerrts cell K: o The operation must be gated through a derivation in the
referencing circuit. Thus the modulated energy of the reference source enters
the light transducer and the amplified output stcred as reference voitare in
an electrometric tank circuit. Whence the angular scan, a few degrees,; through
the reflerence channel is completed, the modulation is cut off on the Kerris

cell K; and restored on the rain Kerris cell Kr.
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circular volarized 1ighi H [ A 3 ,.2_ or ileft circular polarized light
/‘ZL = /6{7, " 45 7} before antering the analyser whose gxis P males

an angle +45° with the normal to ths ray OR.

The difference AR - Ay, between the ampliitudes ol right and
circular pol& ized energies emerging from the analyser measures the
| ellipticity since those components AR and AL are zdded or subtracted from the

circular polarized energy compcnent.
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Finally, considering the measurement of the ellipticity, of the zcdizcal

@

light, in accordance with the analytical expose, Ft suffices %o introduce the
quartz crystal quarter wave plate Q/L onto the beam and ahead of the main
analyzer DCP. The logistics of the measurement are identical tc the cnes
described for the measurement of the degree of polarization and relative
brightness of the zodiacal light.

Barring limitations imposed by the 0.8.0. vehicle, the feasibility
appears satisfactory. The electronics are not discussd here since they are
available in classical subminiaturized form entirely compatible with the cutput

of the light detector. A final analysis will have to be made with respect to

the existing circuitry of the vehicle.
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